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determine how proficiency changes with experience. kesults o:F tests indicete
that mechanics trained in the TI'M course were superior to the on-Vtie-job
trainod men. Findings also indicate very little gain in proficiency with
increased years of experience on the job.
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CM= B I..ING O TASK MOBILITY

As was pointed out in Col. MeaIelacn's introductory remarks,

Task MOBILITY has been in the HumRRO work pi ogram as a Conarc

requrewnt. This iamisa reservations, here at Coare, about

the proficiency of orgaemiational maitenance peraonnl. You

will see that these reservatiows are well fc=&d.

Sirne there m.y be people hers vho have not served in Armor

orgiuxnzatia% at least for a number of years, it may be well to

recall to mind who Uorganizationall maintenance peresonnl are,

and what they do.

"Organizational" mears Company and Battalion maintsnance

sections made -up of 1'ack Vehicle Nechanics (T~!s), MOB 632.2 and

632.6, and maintenarge sergeants, MOS 632.6 or higher. Theus eec-

tions ar3 organic to tactical organizations, and maintain all tac-

tical vehicles. The Battalion section nas scmi equipment th/At the

C•any section does not have, notably a welder, a wrecker, and som

: special purpose equipment for which they have storage and transpor-

tation facilities lacking in the Caq=pay. The Battalion also stocks

some spare parts. Skill-vise, howewer, there is no difference between

the personnal of the two maintenance sections. There is no piovision

f or sorting out men according to sL-illp experience., or training., ansd

assigning the superior ones to either section. In practice, the

Company TVMa may work in the Battalion section or vice versa,

according to local SOP and problems which may arise.

The work of organizational TVMs consists af the following

types of tasks,, as set forth in Technical Nanuals and TH Xaintenance

t'Ulocation Charts: servicing, repairing, replacing., removingan

5<
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instaUlints testing., trouble shooting, adjusting andi inspecting.

We tested in the lat 4 of these areas and I will explain mhy,

(SLIIE 1)

Servicing, generally speaking, refers to 23t echelon or crew

fucitions such as lubrication and cleaning. The scheduled Quarterly-

service, or (Qcheck performed mainly by the Battalion maintenance

soctLon consists mostly of small repairs plus certain required tests

such aw the dye test performed by dnawnce on oil cooler fans.

tMeparing," in orga•i•sational maintenance, does not mean what

it asounms like. It refers either to a very s.lpe action, such as

trping hatch padding, or it means replacing something, such as a

defective track block or generator. The vehicle is repaired by

replacing defective components or assemblies; the assembly itself

is sent elsewhere for repair or disposal. Organizational mechanics

are not authorized to repair anr assembly that must be taken apart;

they may only remove and replace.

"Replacing," u mi Oremoving and installing" are self-evident.

Oez*ral3y speaking, these four categories of tasks account for most

of the man-hours or make -up the routine work of the maintenance

section. The point T -.-ish to make is not simply that routine tasks

are routirs, but that they all follow from sonebody's decision that

they must be done. While servicing is done on a calendar or mileage

schedule, the remaining actions occw on demand. They are done

when scmeone decides they must be done, and this means that testing,

trouble sbootinj, adjusting and inspecting are necessary pro-con-

ditions for the efficient and econcmic conduct of the more routine tasks.

4 Not only are these four categories of tasks basic to the more

2 6<
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SLME 1

THE •A TIOtNL TRACK VEHICLE MECHANIC DOES:

SERVICING3

REPAIRING

REPLACING

REHOVING AND INTALLING

and

TESTING

TROUBLE SHOOTING

ADJUSTING

INSPECTING
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rcatine work,, they also are very important in their own right.

Teortin enterb into evalation of the vehicle to state of readiness,

into decisions to turn it in to Ordnance or keep it in service, and

is also Irequently a part of tro'•le shooting.

Trouble ahooting is dome when the engine or one of its su.-

systems is disabled by a malfunction whose nature is not apparent,

or uwn the vehicle• usefulness is impaired, as by a failure of

the light mstem. Adjusting is nscessary for efficiency of the

power plant, as in carburetor adjustment or ignition timing; for

safety as in brake and steering linkage; and may also have a

preventive function as in correct gear band adjiwtment. Inspec-

tior contributes to deteomir of work required, evaluation

of work done, to safety, prevuntion of damage., and estimation of

"QadLness.

You recognize the importance of these four types of task.

There are two more reasons why we chose to test proficiency

in these last fcn.i areas of work. First, they are complex tasks

of an individual nature to which training should make a major

coirtribution. Secondly, proficiency at these tasks is very highly

related to the costs of maintenance, as I will docment in a few

mimites.

From these four areas we made up an 8-hour test of 30 individual

perfoxmnce exerciseb. Each was taken from a Technical Manual or

from U.S. Army Armor School instructional material. Exercises

were suggested by Armor School instructors and by Ordnance Corps

Maintenance Tec.hni.,ians (OCHTs) employ d at Fort Knox. The OCMTs

reviewel all wwrL .qes a approvel them prior 6o administration

3 8<
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of the test, After the Fort Lo men wre tested, the Armo School

rev wd the test and concurred in 29 of the enrciaes as given.

An additi, onal item of special equipment was added to the remaining

eaorcise on their recmum-Aation.

,his slide shows the number of exarcises of the different

types. Note that there is a category of "spark plugs," These

could have been distributed awrCg the other categories, but see d

to make more sense wheni kept together. Inaidental2.y, all spark

plug earcises were given in om testing period,

I wish to emphasize that these e.rcises ware actually

performed on five common tactical vehicles--tanks, peroonsal

"carriers, and trucks. We did not question machanics about their

"knowledge; rather they ware given maintenance tasks to perform to

the best c' their ability. These photographs show testing in

progress.

In this first photograph the problem was ignition timing and

magneto synchronization. Aln tools and equipri•nt neceasary for

, •ts task were at hand. Sergeant Craig, the tester, has a tŽ!eet

listing each step or operation in this bask. After giving the

subject his directions all the tester did was mx2'7k hi.s scoring

sheet as each step was completed. Note that thoz'e are two mamnals

on the table behind Sgt. Craig.

Valve adjustment is the task in the second photograph, The

man bent over behind the power plant is the vehicle's driver. He

assisted the subject by carrying out specific directions, but did
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WE EMCIME IEWUM IN MECHAMI 2TEST

Type Numiber

Air-F'uel3

Elect~rical

I ~AWSTI1N3

With Special Equipinant

Otbox, 2

Speedfic rwiavityI

INSPECTIM~ I

TOT&L TEST 30
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nothing unless the mechanic told him to, Vehicle drivers were

used in khis way at all test stations where it was appropriate.

In the 3rd photo the subject is attempting to idontify a

starter system malfunction on the 159 armored personnel carrier.

Note the size and complexity of the testing device, the Low Voltage

Circuit Tester.

In the fourth photograp 1/Sgt. Ellis is observing a man

trying to diagnose the ailment of this 4-ton truck, The man is

using a pressure gage. He never got close to the malfunction,

which was a defective ca: .buretor. Again, notk the presence of

d&iver, The testers, ct course, were track vehicle mechanics

trained to score their particular stations.

You no doubt noticed that man of several different grades

are being tested. I will now describe the subjects.

We wanted to test working mechanics and motor sergeants. In

addition to MOS, the support rquirement specified that those

Staken far testing should actually be employed in organizational

maintenmnce. In several of our sub-groups we actually tested

every man on the post who fit the training-experience requirements.

We tested men both at Fort Knoy. and in the 3rd Armored Division

in Gurmany-about half the subjects came from each place, 482

mechanics and motor sergeants in all.

We wanted to learn how proficiency changed with experience,

so we selected men of less than one year on the job, another group

of one to five years on the job, and a third group of over five

years maitenaince experience, To get a sufficient mmmber of motor

serguants we had to take them as they cmae, from one-half year to

1.1<



2412 years of z tenanoe experience with the average at

11 (10.96) years. We also wanted to determine the relationship

between training and proficiency. Somewhat over half c the TVMs

were selected to have had a basic TM course somewhat less than

half had not had this course. Again, the motor sergeants were

taken as they care. 61% had taken a TUI course., 39% had not.

We also wanted to determine Vie relationship between general

intelligence and proficiency. We recorded the G.T. scores from

the Form 20 as our estimate of general intelligence. The following

slide gives the subjects tested.

(SLIDE 3)

Referring to the first category of the elide, the 50 Fort

Knox subjects were in the last three days or the TVY course when

tested. The 34 man of the 3rd Armwed Division ware "apprentice

mechanics,"t who were learning on the job. They were of course

performing maintenance in their wdts. There were no unusual

characteristics about the other remaining groups.

S~Results

The next slide reports average performance by type of exorcise.

Reults are reported separately for the 413 TV14s and the 69 motor

sergeants*IiI (SLID 4)
You can see that performance is low in the areas of trouble

shooting, adjusting tasks requiring special equ~iment, and

electrical testing tasks.

I •w• . now show you one of the consequences of errors of

diagnosis in trouble shooting, a partial list of needless
6 12<6I

1, A



SLIDE 3

MAINTENANCE PERSM TESTED

Fort 3f,= .3rd Armored Division Total

0-1 Year Eprec

50 TVM trained 33 TVM trained 83
34 OJT 34

Ove Years Exe.rience

43 TVm trained 35 TVI trained 78
32 OIJT 35 OJT 67

Over ear ~rence

41 TUM trained 35 TVM trained 7636 OJT 39 OJT 75

Avg0 1 Years Expericnce

30 Motor Sergeants 39 Motor Sergeants 69

232 250 482

13<
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FR&NT Ci' SUCCeSS BY MYE CF EXRCISE

Tye &.rcise 143 TM,. s 69 Mtr. Sgts,

STRUBILE SH0C110L

Air el 3.7% 20.3%

Electrical 13.2 12.5

ADJUSTING

With Special Equi.pment 12.7 17.0

Other 54,6 68.1

TESTING

Electrical 17.9 24.5

Preasures 43,5 54.7

Specific Gravity 4.,3 49o3

I SPARK PlUGS 61ea 67.1

Average Exlusive of Inspecting 26,4 31.4.

SINMPECT• (Scored Separately) 40.8 53.6

ia41 
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rec iendstonm for replacement of parts.
! (SLIM •)

We recorded almost 1350 3uah errors concerning 109 different

a~semblies or parts of the 5 vehicles in the test. Four hundred

eighty-two men made 1150 errors, but the 1'lionis share" of these

errors were made by the more experienced man including the motor

sergsants. Among these more experienced men, those having had a

TVM course were the more frequent offenders, not because the on-

job trained are the better mechanics but because they more often

refused to makea diagnoaws. The figure you see there, $100, 484.76,

represents only the new price cost of tt parts on this slide. It

does not include labor or administrative costs. Apparently, these

men believe in what is known as ODX" or direct eohaW trouble

shooting. It should be pointed out that whoever makes the diagnosis

is usually the final authority. The TVH is seldm double-chckod on

his diagnosis.

Earlier I mentioned that we wanted to find out if the TV?!

course trained mechanicswere superior to the on-job trained men.

They are; the difference is statistically reliable tor total

'4st performance.

(SLUE 6)

Having determined that TW. trained mechanics are superior,

we checked on intelligence as shown by G.T. scores. Those selected

for TVM training are, on the average. of superior mental ability.

Mental abUlity is significantly relited to proficiency teat

I i performance (as shown by the coeffiieant of correlation of .47).

L Because of this relationship ws corolude that the 'better proficiency

7 J 5I <
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SLIMD~

PARTIAL LIST CF E2RR(S (F DIAGNCSIS

41,Replacemeant Erroneo'usly
I Reocumended

spark plug aets 210

generator

carburetor

regulator 10

magneto 191.

starter (assenb2~yor components) 90

distributor 10

engine 2

Needless Exedture $100.484- 76



SLIDE 6

SCHOOL vs. (s-JOB TRAININM

Numaber of Tfype we Average wouoosaa, Av~erage on Inspection.,
Meschan~icsa d 3 29 ExwrCisee '1 ftiorise

237 Schaool 30.0% 4s2.0%

176 On-Job 21.5 .39.2

U*1Ab
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test scoxvs of the TVK trained mchanics are due to their higher

mental abillity, as well as to their traiI.ng.

One of the findii~s that surprised us very mwoh is that

there is very little gain in proficienry with Li'aced year,

af experience on the job.

(SLIDE 7)

K There are TVM course trained and on-Job tmained en in each

group. The avvrago amount o& •xperierme in each proap was atýou

4 months for the fLrat group, just under two years for the second,

Just•undor 10 years fcr the third, and Just urder 21 years for

the motor ,orgeants.

MWen this study was planned there was no compreheiwion on

our part cf the proficiency levels we wauld find. Or purpose

actual2y -as to pin-point skill aW, kowledge deficiencies of

the mechanics so that rcrectivwr action could be taken, and it

i eutsadr~~zd h raA•ofte•i~in.Oe•st~was only after we had doam this that we camauted the averagw

results and rbalized the gravity of the vituation. n positive

note we can somid is that iv did sucoeed in isolat4ig skill

and knowledge deficiencies which promise excellent guid--;We f or

both on-job and ITM course training revisiona These were coaon

deficiencies or errors. Same were made by as many as 9C%

of the failing men on same exercises.

(SLIDE 8)

1Here is what these personnel did not know.

Insufficient vehicle knowledge was Wioi~n in these wa•yns

Inabl4ity or refusal to attempt an e=%rciae on a perticular

vehicle, failure to note a missing fuel filter, reocmmendation of

"8i s -i n



4, SLUE 7

S~IMSC AM~ W.(PICIMYE

Nwubez Of Ye~ars OAverage &twesss, Average on Inspection,,
moobardenEoioo 29 Exroiast 1Ewrca~4

W Is tsa thm 4.8 30.2%
I ;mar

1-5 years 654.

3.51 Over 5years 27.5 4j6.8

Niubor of
Maintennowe
Seargeantsa

69 11 yrs. average nl.4 53.6



si"

sLflE 8

AR-S OF S13LL rUICIENCIES

Knowledge of Vehicles

Sub-systems

Sub-system sympt-s

Knowledge of Publicatiome

Utilzation

Location of Inf onration

Wtring Diagram Interpretation

Use of Spe-ial Equipment

Trouble Shooting
Equpment.

Procedures

Double Checking
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replacement of ora-bur•,toxs on a fuel injection enr4i;n, azn

straying off one electrical system on to another.. Regazrdf zg

rib.bsystem stmtos, mn were very ommuoy unable to tell an

air-fuel from an ignition ialafunction-wh±ch is uby there were

so ar nedlaes rec eations for spark plugs and magtos.
On publicatiors, an outstandn fa--.t vas failure to use

them at- all., The compression test,, uhich most men did inproperly,

Sis acewatel out•lned in the TK, Ron alo generaly ignred

th D tat"e of contents and index,, thaa watn conwderab•s

awontj of time.

Wiring circuit diagram interpretation, although a t.reendous

Ptumbling block now may be less of a probleu in the future. The

-20 series of the multiple manial concept., with their trouble

shooting schematic drawings and d1metions, apparently wil make

wiring diagrams unncesary. At least the now T(s. such as

H 9..2320-218-20 ($L51 -,.-ton truck) have no wiring diagramu

at all. Nzrhapa in another few years instruction on wiring diagrams

Swill no longer be needed.

lRegarding use of special equipment, a majc problem is

sheer failure to use it. May men do not know how to use

omplex testing dev.ces. One Senior mechanic of 17 years

experience burned up sow wiring on one of our 4-ton test

vehiCles• "trouble shooting" it with a screrver, Failure to

use Me is related to failure to use special equipment, for the

T5 tells when it is necessary although it often does not show

I)l how to use it. (This applies to the older vehicles and Mts.)

We observed a great many errors in trouble shooting. Men

- -
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did no, koa how to Stt vp or a4just the Lw Voltap Ciwruit

Teeter, didn't know how to got good contacts at check point.

attempted to make & graund coutact on a pdntd or greasy surfaOce

and rwarsed th&.1r leads, to nm the mrs omon oes.

Men do not kno their trouble ahocinig prore'dues. Nctabyjq

this iniudes Cailult to make oporational checks, such as testing

genrauts output vith the engine roved up. Harq c the gener•tL e

mdlessly corxnmed revulted frm this, tar wthing can be deteAvdm d

a&bet the generator hila the engime ia idliag. There also mre

other arrors that may b sumd up umler the head' of lack of

knwledge of systematic procedure,%.

Double cheeking ct a diagnosis in trouble shooting was

Ogrzsmy rue, The umahanica could have chooked thoir diagnaie

of wbad aak asiremply by revving up the engine and len-xiSg an

rpm drop oheck,9 :if they had known-or thoght-to do so.

* i This concludes the presentation of data, "ol. Spires

has ncm caento to mad and then we will atteapt to ane•sr

aiw questions you wish to ask.

Q ll
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